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® Video decoder. 



® A video decoder is proposed which) receives paclcets of video information relating to moving video images 
from a packet switching network. In accordance with the invention a lot of hardware overhead is eliminated and 
much flexibility gained compared to prior art decoders in letting the decoding process, implemented via a 
decoding means (DEC1, 0EC2), run asynchronously with respect to the display process, implemented via a 
display means (DIS). Moreover, and also in contrast with prior art decoders, the video decoder according to the 
present invention is not explicitly synchronized to its corresponding encoder by explicitly recovering the tatters 
system clock. This is realized through buffering actions within a frame store memory (FSM) placed between the 
decoding means (DEC1, DEC2) and the display means (DIS). The variable length of such a buffer can be used 
to control the speed of the display process in order to prevent underflow or overflow of the latter buffer and 
corresponding image degradation. The latter is done via a control means (CON). 
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- This invention relates to a video decoder,' receiving paclcets' fromi a packet switching network, said 
packets containing control information arid video tnifbrniation, arid said video decoder being able'td process 
real time moving video Images and including, •• 

. decodirig means deriving from at least said video information new units of decoded video information 
5 ■ r^ating to a current video frame; ' • ' 

- a memoiV niodule iri which said hew units are stored; * ' ' ' ■ 

- display means displaying said stored new units on a video screen. 

Such a video decoder is well known' in the art. eig.' from the article "Variable Bit Rate Video Codec for 
asynchronous transfer rnode networks", by W. Vefbiest and L. Ptnnoo, IEEE Journal oii selected areas in 
10 communications, Vol. 7, No 5, Uune 1989, pp. 761-770 and more particularfy poinf ll,E."VBR Decoder" and 
Rg. 8 thereof, the latter figure showing a block schematic of such a video diacoder. "* > • ' 

As all known video decoders of ttie above type, thie referenced decoder woiPks synchronously with its 
corresponding encoder. i.e. the clock signal controlling 'the' latter encoder is reproduced by the decoder and 
used to cdritror the decoder. This synchronous operation is up to now assumed to be mandatory for 'real 
76 ■ time video processing of moving video images sent over-packet switching networks. The reason therefore is 
given- in the^ article "Packet Video integratiori ^Into network architecture" by 'Karlsson and Vitterbi. whteh 
' appeared in the same Issue of the above Journal, and more particularly in point V on pp 745-746 
"Resynchronizatibh of video" thereof. Without this'syhchronous operation the decoder could indeed process 
the packets too fast or too slow with respect to the -generation of packets by the encoder. When- working too 
20 fast, as depicted In Fig. 8b^of the last referenced article, tfie decoder would have to discard packets arriving 
too late to be taken into account for the reconstruction of an Image. When working too slow,' as depicted in • 
' Fig! 8c; an ever- increasing number of packets 'would have to be buffered by the decoder, inevitably leading 
' to buffer overflow and hence again to packiBt loss.' ■■' "' .5 ■ < 

Apart from the ak)0ve mentioned need for -synchronous working of the encoder and the decoder,^ the 
25 ' latter decoder has also to take'into account possible^ jitter' inherent to asynchronous transfer mode networks * 
and caused by a" variable transmission delay of Uhe- packets over the network, which. additionally .com- 
plicates= the structure and design of the ' decoder. Indeed, in order to- operate synchronously with: its 
corresponding encoder, the decoder, has to- perform its decoding actions at well-defined instants in time 
determined by the system clock of the encoder.' Due to' the 'above jitter it could however occur that a packet 
30 arrives too late to be processed at the above instant. To avoid this, the packets an^iving at the decoder are 
stored in an input buffer, where they are delayed to achieve for every- packet a fixed predetermined delay, 

• as depicted in Fig. 7 of the last referenced^articie. In this way the input buffer, acts as a dejittering . unit 
' which is' read under control- of the decoder- clock; the i latter 'dock being' reconstructed by means of for 

instance a phase locked loop -to match the encoder clock . Due to the:statistical nature of the delay jitter 
35 ' packet loss cannot be -avoided with finite input buffers and- finite fixed delays as evidenced by Fig. 8a of the 
- last refer^ced article and minimizing^-this packet loss requires relatively large input buffers. 

• ■ ■ Referring- again to the first referenced article by W. Verbiest and L. PInnoo the consequence of the 
' above mentioned need for synchronization and dejittering is made clear: , 

' . The decodig means described in ' the article -Includes a Variable Length Code decoder (VLC Decoder) 
40 and a Differential Pulse Code Modulation Decoder (DPCM Decoder). The latter decoder is conti-olled by a 
RAM module using the control information extracted from the packet by a depacketizer and uses a memory 

■ module, called a'-frame' store memory, to decode predictlvely coded video Information, . i.e. video informtion 
relating 'to a previous frame is stored ih' the niemory' module and used to predict, corresponding video 
information of a new frame. The display means' Is schematically represented as a Digital to -Analog 

45 ' Converter :(DAC) and a monitor or video screen. Th.e above mentioned need for synchronization results in 
the use of a Digital Phase Locked Loop (DPLL), whilst the need for dejittering results in the use of a 
■ dejittering unit or input buffer. The latter input'buffer has to be dimensioned in order to reduce packet loss 
caused by the delay Jitter and will typically have to be large enough to stofe video packets corresponding to 

■ one' half of a video frame. 

50 • Summarizing, a drawback of vWeo decoders of the type disck>sed in the latter. article is that, the 
•structure thereof is rather complex due to' the'circuitry needed for synchronization of the decoder clock with 
the encoder clock, e.g. by using a phase locked' loop, and for elimination of the delay jitter for which a 
relatively large input buffer is needed. Moreover such decoders are rather inflexible due to the timing 
' constraints resulting from the synchronous operation of the decoding means and the display means with 
55 respect to each other, as is clear from' the mentioned articles. 

An object of the present invention Is to provide a video decoder of the above type but without the above 
mentioned drawbacks. 
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Th|!i, object is achieved due to the fact that, after, one of said new units is derived and stored in said 
.memory modulo, said display means retrieves a variable number of said -stored new units from SEud frame 
store memory for display, before retrieving said one unit. 

Using a prior art video decoder and processing the packets as tiiey are received from the network and 
5 displaying the decoded units at the same rate they become available results iri a display clock with variable 
rate, as explained hereafter, which is incompatible with existing video display standars such as CCIR 601 or 
PAL The variable rate of the display clock is, riot .only due to the delay jitter Iput also, if variable bit rate 
. coding is used as jn the. first referenced article, of the varying information density. In the received, packets. 
■Indeed,. in case of variable bit rate coding,- sorne -packets carry information related, to a lot of units which 
10 - results in a fast decoding rate and hence also in a fast display rate, whereas other peuckets carry information 
relating to only a few units accordingly resulting in, a sipw.display ratcf.- .- ....... :, 

, In accordance with the present invention on tiie contrary, ttie display rrieans and the decoding. means 
work asynchronously with respect to each. other.aThe decoding means = handles ,the packets as they arrive 
ifrom the packet.switching network, i.e. without first eliminating possible delay jitter and stores them in the 
75 memory module, memory module at the same rate as the display nieans whilst the display means retneyeq 
the new units of decoded video information from the memory, module at an even rate possibly different from 
the storage rate and unaffected by the delay jitter ,anc(/pri by the previously rnentioned varying information 
density in the received packets, which^are in thlS'Wqy;,e.iiminated in the memory mojdule>through buffering. 
The display clock can thus be designed to h^veia stable rate independently of the encoder clock rate, 
20 ; which can be determlnedi if necessary, solely on the basis of local decoder Information as evidenced from - 
' further features.. ■ ■; > .,;>.-,■ is 

A characteristic feature of the present invention iiSvithat said decoding means retrieves from, said 
memory module old units of decoded video informatior relating to?. a previous video frame to derive 
• therefrom said new units, thereby, decoding predictively. cqded vid^o information. .... ..s , - ■ t -,- , ■ -« 

25 . > In such a video decoder the roemory : module: is; called :a<frame, store memory. It stores ^the old units to 
realize predictive decoding .of the coded video Information:.- The eartier mentioned buffering action between 
•the decoder means and the display means can, now be realized by a buffer embedded in the larger frame 
store memory,, the latter buffer further beingi called implicit buffer, and yyhich has a length equal to .the 
eariier mentioned variable number and. which .continuously -alters inot only its length but also its position 
30 within the frame store - memory as data -Is stored by. -or^ retrieved from the frame store memorytby .. 
'.respectively the decoding and the display means. Indeed, the buffer's first location corresponds tocthe 
..frame' 'Store -.memory' position where ^the next unit , is stored by the decoding means and its end location 
con-esponds to thej position ^where- the. next luriit; is to be>retrieved by the display means, which means^that 
the buffer moves. In. the frame, store memory.,' The v.arjiBbl© number^ of units: are those units, stored in*^the 
35 frame store memory which have to be (^splayed front the moment a<new uriit is stored,. until the display; of - 
the latter unit. It has to be further, noted that when: using predictive coding techniques the . frame store 
memory has to be large enough to store all the units of decoded video information pertaining to. one frame 
the latter units being used to predict the value of the:units pertaining to a corresponding next frame. Due to 
its needed capacity for decoding predictive coded images, . the frame . store memory Is large enough to 
40 contain the mentioned implicit buffer and no additional;. memory capacity has to be forefseen;for. the. latter, 
buffer. r . .. i • - t .• , . ■' 

• Image degration of the displayed image occurs,when>the display means catches up with the decoding 
process thereby causing what is called underflow of the Jmplicit buffer. However, as the , latter buffer, is 
embedded in the larger- frame store memory the mentioned underflow results in some , old units, being 
45 displayed more than once: No Information is lost, and hence the correctness of. new units of decoded video 
• Information is not affocted. • : . * - ; 

Image degradation also occurs when the decoding means catches up with the display means causing 
. overflow, of the implicit buffer. .The only error, then -incurred is that some new units will never.be displayed. 
Whereas for prior art synchronous decoders, undarof overflow of the input buffer resulted in loss of 
so synchronization and in the need to reset the video decoder, for the present invention they only give rise to a 
temporary and local effect of the display, as .following from the, above, the correctness of, newly decoded 
units not being affected by the latter under- or overflow. . 

An important aspect of the present Invention Is that said decoder further, includes a control means which 
monitors said variable number and which Increases or decreases the frequency of a system clock, included 
55 in said video decoder and controlling at least said display means, thereby preventing said variable number 
from becoming larger or smaller than a first and second predetermined number respectively. 

In tills way the above mentioned image degradation due to the over- or underflow of the buffer is in a 
large extent avoided, irrespective of the buffer being an implicit buffer embedded in a larger frame store 
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memory or not. When the variable number tends to a first predetermined number, e.g. zero for underflow, 
.'which can for Instarwe occur whan' the instantaneous packet arrivaJ. rate Is very low, then the display 
process is slowed down by the system clock to prevent underflow. In the opposite case- when the variable 
number tends to a second predetermined number, e.g. the maximum length of the implicit buffer; the 
5 ' display process is speeded up to prevent overflow. Because of the statistical nature of the delay jitter the 
speeding up or slowing down of the display process is a low frequency process which is not visible on the 
display. The display process however is, with this mechanism, indirectly synchronized witti the encoder 
clock. Indeed, the average frequency of- the system, clock of the display means is locked, to the. average 
arrival rate. of video; information and hence to the encoder: clock and this without the need for complex 
10 timing information extraction and digital phase locked loop circuitry. The delay jitter only modestly 
influences the speed of thersystem clock as most. of it is.absorbed in the implicit buffer as explained earlier. 
Moreover as only a loose coupling- exists between the decoding means and the display means and between 
. the decoder and 'the encoder no flexibility is sacrificed: E:g. when, during blanking periods, the display 
me^s has to be inactive the decoding means does not have to stop its processing as well. ' . 
75 An 'ancillary feature.of the present invention is that said system dock additionally controls at least said 
' decoding means, f ' • • . ".'^ " v -t,. ' . •* ■ 

.. To be noted in this respect that the asynchronous. nature of the video decoder according to the present 
. invention does not stem from independent system clocks but from the fact- that, irrespective of the display 
means, the decoding means processes the received -packets as they arrive without being hampered by 
20 ■ display requirements. * • ' v . ■■ : .i ':^ . 

If the decoding: means has no- packets to process it becomes inactive allowing the display means to 
'■ catch up and on the other hand,. if necessary,. the overall system ckxjk of the decoder is slowed down 
. . tuning the decoder in a simple way to the output information rate of the encoder. 

A'further feature of tfie present invention! is sWiat said ^ decoder further Jncludes . a memory module 
25 controller controlling rat least, a first and secbntf pointer, used by said decoding means and said display > 
means respectively, said pointers indicating, whichr memory location of s^d module memory, is to be. used 
by said respective means to respectively store or retrieve said units, and that the values of said first .and of 
said second . pointers are asynchronously updated by said memory module controller whenr their respective 
means have respectively stored or retrieved one. of said units. ' . ^ ' • . - 

30. -.More concretely the memory module controller determines the variable position of the implicit buffer ■ 
within the larger frame store memory since the first pointer indicates the first location of the implicit buffer 
.whereas the second pointer indicates the end. location, memory a^d highlights the jneed for , a separate 
controller to manage the implicit buffer. The latter, controller through, its control action. on . the implicit buffer 
can also manage and exploit the flexibility offered by the present invention as will be clarified, below. 
35. - . .Still, another feature; of the present invention: is tfiat. said- memory^ module controller performs said 
■ updates iaccording to-a.memory map mapping a location of each of said units within a video frametonto a 

• ■ memory location of said memory module. 

■ The memory module controller is thus specifically suited for predictive coding techniques as it knows 
from the memory map which unit of a frame belongs to which memory location. It can further monitor said 
40 . variable, number since it can, indeed from the first and second, pointer,, derive with.ttie aid of this memory 
map which, units are..processed by respectiveJy the display and the decoding means and how many units 
within a frame are comprised between: these units... Wth this, memory map ttie offered flexibility can 
...optimally be exploited as will be clarified. below «.v; :.• A . . . • < . 

, -An important aspect of . the present invention^ is-tiiat said module memory consists of a dual port random 
45' ''access memory including at least one. dynamic random access memory and at least one serial access 
memory, that .said dynamic random access memory is accessed by said decoding means to store said new 
units on locations indicated by said first pointer and to retrieve said oW units from a location indicated by a 
third -pointer also controlled by said memory module controller, and that all of said units corresponding to 

• one line of a to. be displayed image- are- transfenred under, control of said memory module controller from 
50- isaid dynamic, random access memory to said serial access memory. and said display means retrieves.said • 

units from locations; In said serial access memory indicated by said second pointer. 

Dual port memories are weir known in the an and commercially available, e.g. the Texas Instruments 
chip TMS48C121. Such memories are particularly suited for use In the present invention due to their dual 

• port, which permits virtually simultaneous access by the decoding means and the display means. Normal 
55 fW/ls could also be used but they would have to be chosen in such a way that they are fast enough to 

cope with simultaneous accesses. Such fast.RAMs are either static, expensive RAMs, or large parallelized 
dynamic RAMs. 

Essentially the dual port memory disconnects the display and the decoding means in hardware. 
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: The . DRAM performs the. functions already performed by -prior art framo store memories white! the SAM 
Is used by the display means when reading the decoded video . information. The latter information is read 
image line per image line so that a simple serial access memory, such as the SAM,, holding all the 
information pertaining to one' such line indeed suffices for this purpose. A transfer operation, performed for 
instance during blanking periods of the display, is required to transfer the to be read information from the 
DRAM to the SAM thereby allowing the display means to read .the frame store memory independently from 
the decoding means.and at its own even rate without complex addressing- operations. . . 

The memory module controller also called frame store, controller in case of decoding of predictive 
coded information,' is somewhat more complex than prior art cohtrollers but on the other hand cheaper 
memories can be used. 1 • . . . j : ■ i 

A particularly advantageous feature of the present^ invention Is that said video information Is block coded 
using a variable bit rate technique, and. that said first predetermined number is equal to the number of units 
' contained in one image line and that said second predetermined number is equal to the number of .units 
contained in one image frame minus one strips:' : ' < v? . - ' r.. . ' . 

'Block> coding Is well known in the art, e.g. from the first referenced article by W. Verbiest and L. Pinnoo. 
It results in a very efficient compression of the digital video information to be sent over the- network. In. case 
of block coding , the . present invention is particularly advantageous because the memory module can be 
used for the bloc* to line conversion heeded v^en decoding.the block coded information. Prior art decoders 
for decoding of block code information indeed have to convert the data from a block format at the output of 
the decoding means to a line format at the input of the display means, as video is displayed line per line. 
Therefore these decoders include an additlonat memory> wherein the blocks are written and., after a certain 
delay, read out by the display means when all new '.units of a line have been received. According to. the 
present invention the latter delay can -be realised by the memory module control means,- the delay being at 
least equivalents to one image line. If this delay-is maintained. Uiere is no mixing of. new and old units. *f 
■' - To be noted that the variable number could asiwell be fixed and corresponding toa suitable delay .'The 
decoder would then operate synchronously with^the encoder, but there would, still be no need of-an 
additional block to line conversion memory. -■.•(. ,< ... .: . , ^ 

'. A further advantage of the above particular embodiment is that normally, when synchronous operation is 
required as in prior art systems, variable bit rate coding necessitates -the extraction of time stamps from. the 
received packets to reconstruct the encoder clock. With a video decoder according to the present invention 
these time stamps are'supertluous as no synchronization with the encoder clock is required. 

*i'A:video decoder according to the invention is -thus equally well suited for decoding video information 
from fixed as^from vairiable bit rate encoders and this without ;ariy additional hardware cost compared td:the 
prior art decoders. ■•• • ■ ? ." ''V./;... 4 rjty vd b^'it-s .■■ 

A' further advantageous feature of the present invention- is' that tsaid nnemory.>module< capacity, is 
additionally used by said memory module controller to realize' motion compensation by using -a nor!- 
permanent memory map, mapping a location of each of said new units within an image frame onto memory 
locations of said memory module, each of said new units being stored' in locations other than the location in 
which corresponding ones of said old units were stored; \ ' 

In order to achieve motion compensation, which is used to realize efficient compression and Is ^ well' 
known in the art. e.g. from the article "Video compression; makes: big gains", IEEE spectmm, October, 1991, 
by H, Peng ot al. prior art systems using a synchronous video decoder have to save part of the old units in 
a separate memory. This in order not to overwrite old units corresponding to an already decoded part of the 
image frame, with newly received units. In the present Invention motion compensation can be realized by 
using the memory module and without significant extra hardware cost.- Only some additional functionalities 
'in the- memory module controller are needed to allow use of the non-permanent memory. map; . 

Yet another feature of the; present invention is that said units are subdivided -in a plurality of categories, 
u.nlts corresponding to different categories carrying dlfferent information relating to a same Image element, 
and that said units of video information of different categories are processed by said decoding means 
regardless of their category said memory module controller demultiplexing said units according to the 
category they belong to by writing said units in appropriate, memory locations within said memory module. 

' In the first referenced article by W. Verbiest and 'L. Pinnoo and more particularty in Fig. 2 two such 
categories are considered n1. the luminance and the chrominance of an Image. Due to the timing 
constraints in synchronous decoders described in the article a decoding means has to be provided for each 
unit category. Thanks to the above feature of the present invention the decoding means has not to 
differenclate between these two types of information, demultiplexing of the different categories being done 
by the frame store controller by storing the units at appropriate memory locations witfiin the frame store 
memory according to their type. 
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Further characteristic features of tlie present Invention are that said video information corresponds to 
images of one of a plurality of resolutionsi' said one resolution tjeing identified by said video decoder based 
on at least part of said control information and that said memory module controller .adapts said video 
decoder to said one resolution by using a corresponding memory map of a-plurality of memory maps, and 
s that said video decoder can at any time change to a display of a still picture by not refreshing said, memory 
module with, new units of video Information, and that (see claim 18). said memory module controller is able 
to control , said video decoder to display images differing from those .contained in said video information by 
controlling said decoding means to calculate intermediate new units of decoded video infomnation and. to 
. store at least part of said new units, including said intermediate new, units;, according to -a memory rnap 
10 corresponding to a desired display, said, desired display sbeing signalled to said memory, module controller 
. by an appropriate control input signal to which said video information relates by calculating , . • i • 

The above features not only sallow to freeze the display or to zoom according , to an external .control 
' signal which is input to the frame store controller and - possibly comes from a viewer, but they moreover 
. allow the video decoder to receive and display information- according to various standards of resolution, e.g. 
16 GIF and CCIR BOV.iby using a related part of the control information of the packet as an internal control 
input to the frame store controller. ■ ' i ' 

. ,An Important advantage of the' last> mentioned feature is that^ regardless .of the resolution, of theJmages 
contained in the incoming video information, the vidao -decoder.can .be controlled to display Images 
^ according to a predetermined resolution, e.g. the resolution defined in CCIR 601. The fact that the decoding 
20 means works asynchronously with regards to the display: means can be used for creating alternative new 
units e.g. via the well known technique o1 upsampling.> To this end the decoding process has to be speeded 
up by for instance deriving from the system clock a'clock signal with higher frequency. With the alternative 
new units, a memory map for CCIR 601 can be.fllled up if the incoming video information relates to images 
having a resolution such that the numljer of units; per image frame is.less.lhan for CCIR. 601. Additionally no 
26* signifirant hardware change, except) In the- frame, store controller, Js needed to switch to e.g. the Joint 
Photographic Experts Group JPEG's Impending standard for still pictures- Again such a, switching operation 

can be controlled by the control information. : .c ' ! ; 

The above mentioned and. other objects and .features of the invention will become more apparent and 
the invention itself will be best, understood- by referring to the-follovying description of an embodiment taken 
30. In conjunction with the accompanying drawings wherein : . - v." 

f=IG. 1 shows a functional block diagrarn of a video decoder accqrditig tp the present Inverition; . 
i FIGs. 2a to 2c show the principle of the.operation. in the frame- store memory FSM of FIG. 1 in a highly 

simplified mannen • = .t,. -.Oi-/ /-r j -i-i. 'vi " v,' n -. t :■. ' 

FIG. 3 represents a more detailed view of thefdeccding; module DEC1 of FIG. 1^ 

35 ^ = f:lG. 4 schematically jshows: the various inputs and:0utputs of the^pixel processor PROC of FIG.. 1; 
{ ! '■ FIG; 5 is a schematic diagram of the frame store memory FSM ol FIG. 1; and 
■ • -FIG; 6 represents a more detailed view of the display means DIS of FIG. 1; . 
' - FIG. 7 shows a hardware configuration of. the control means CON of FIG. 1. 
. The^ video decoder shown in FIG. 1 is part of » an: Asynchronous Transfer Mode ATM Broadband ISDN 
40 BISDN network (not shown). Such networks and, their: properties, are well known in the art wherefore they 
are not further described. ■ . ! " •=;.;.-:>',-- ^ - ~ ;. ' 

. . Theyvideo decoder' receives Vpackets .from the ATM network via an input line IN. The information 
contained in the packets is transfonmed and displayed on a video screen as described later. 
. : The packets are applied to a first block of the decoder which is an- Intertace module INT. , . 

48 w' . The interface module INT performs. ATM header error control and .other well known control functions 
, and demultiplexes- and unpacks the data cor^tained in a received packet. -The latter demultiplexing and 
unpacking functions are obvious to realize .by a person skilled in the .art and are flierofore neither shown nor 
described in details. The Interface module INT applies video Information VI extracted from the received 
•packet on a like named output line Vi and first confrol information pVt and second control information OV2 
50 also extracted from the received packet on like named control lines 0V.1 and 0V2 respectively. . 

The above mentioned line VI is connected to a decoding module DECI, forming a first part of a 
. decoding means, which under control of the first control infonnation. 0V1 decodes the,video information VI 
and so applies at an output DECVi. connected to a pixel processor PROG comprising a second part of the 
decoding means DEC2 and a frame store controller FSC, a like named signal consisting , of decoded video 
55 • information DECVI. 

The latter frame store controller FSC stores under control of the second overhead information 0V2 a 
binary signal consisting of new units of decoded video information NEW1 via a like named data line NEW1 
in a frame store memory FSM which is at least large enough to store all the units pertaining to one. video 
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frame:: The latter signal NEW1 is derived i in DEC2ifrom the previously mentioned signal DECVI possibly 
taking Into account data consisting of old units of decoded video Information OLD received on a like named 
input line OLD from the frame store memory FSM. Whether or. not the latter data is to bemused, i.e. whether 
or not interframe predictive coding is used, as wilLbe explained later, is decided under control of the second 
overhead Information 0V2. . . , ■ ' • • 

The pixel processor PROC has one further input- line EXT on which external control signals EXT are 
applied and one further output AD J at which a like named signal ADJ is generated. ADJ is used to adjust 
the frequency of a system 'clock signal SC as will again be explained later. The pixel processor PROC 
finally has a control output CTL' connected to the "frame store memory FSM on which like named control 
signals CTL are applied and'a control output VIDEOSYNC connected to a display means DIS. . 

The frame store memory FSM receives the signal NEW1 via input line NEW1 and has a, first output 
OLD via which the 'signal OLD is applied to the pixel processor PROC and a second output NEW2 on which 
like named signals NEW2 are generated, NEW2 consisting of new units of decoded video information. The 
frame 'Store memory FSM- further has a control input CTL connected to the line CTL and via which it 
receives the confrol signals CTL. The> second' output line NEW2 is connected to the display means DIS 
which further transforms and finally displays the video signal. This display means DIS further has a control 
input VIDEOSYNC on which the like named signal is applied originating from the pixel processor PROC and 
needed for- the display function as described below. ' ■ \ ■ • 

Referring again to' the "output ADJ of the pixel' processor PROC. this output line ADJ is connected to a 
control means CON which derives from the signal-ADJ .a'low frequency signal DC generated at a control 
output DC. The latter- signal DC controls the' system dock* SC which produces a like named signal SC. SC 
is applied to the blocks INT, DEC1 , PROC, CON, FSM and DIS after appropriate' clock divisions. For clarity 
of the figure neither the clock signals applied to the latter blocks, nor the clock divisions are shown. • 3?^ 

As will be exjalained in details later, the display ^meahs. DlS'-retrieves . units jof infbnTnation with^a-rate 
directly proportional to the frequency from " the system clock- SC from the frame store^ memory FSM and 
processes the ur^lts for display purposes. The decoding means DEC1 aind DECS store decoded units under 
control of a clock signal also derived from SC, but not necessarily: having the same rate as the clock signal 
controlling DIS.' This means that DIS and OEGli DEC2 work asynchronously. FSM in a way isolates the 
processing of the units by the display meainsOIS from that of the decoding 'means DECI. DEC2. - - 

DEC1 and DEC2 can process the incoming video information without first eliminating the delay jitter . 
inherent to asynchronous transfer networks because before the decoded video information DECVI is passed 
'thi-ough 'to the display means DIS it incurs a" variable delay, through buffering action later described, in£the 
frame store memory FSM. The delay jitter thus does in this way not Influence the quality of the displayed 
image. Although the decoding means' DECI ; DEC2- is ''also controlled from the earlier mentioned system 
dock SC the asynchronous, independent processing of the units by the'iatter means and by the- display 
means is not hampered as the rate at which the decoding means DEC1 and DEC2 processes units of video 
information is not directly proportional to SC. The decoding means DECI , DEC2 can indeed remain inactive 
due tt> a late arrival of packets because of delay jitter or can process different units at a different speed. 
From the above it is clear that It is equally well possible to control the decoding means DECI; DEC2 with a 
system clock totally independent from the system clock SCi r. i . - • . . 

When predictive coding techniques are used the frame store memory FSM is needed to store units 
pertaining to a previous frame and buffering action for- the display function are provided wa an implicit buffer 
embedded in a larger frame store'memory. ■ • i. . , - 

Tuming now to FIGs. 2a to 2c the principle of ^ such a-movtng implidt buffer within the larger franne store 
memory is shown. In an embodiment of the present invention not using the frame store memory for 
decoding predictively coded video information this description;, relating to FIGs. 2a to -2c, is obsolete as a 
normal variable length FIFO' buffer, the length of which is equal to a variable number, can then.be used as 
frame store memory FSM. ' • ' 

It is further to be noted that the only aim of FIGs. 2a to 2c is to clarify the principle of the implicit buffer 
in the frame store, so that highly simplified examples of the frame store memory FSM are used. 

FIG. 2a shows the content of a frame store memory which contains 9 lines, of 7 positions; each position 
containing information of a corresponding pixel in ari'image frame. Pixel Information in subsequent positions 
logically correspond to subsequent pixel positions In the to be displayed image, consequently a very simple 
memory map, mapping positions within an image frame to memory locations, is used. 

The start location of the implicit buffer is the position in which the next pixel information to be decoded ' 
by the decoding means DEC is to be stored, e.g. in FIG, 2a which shows the frame store at time instance tO 
the start location 9 is' indicated by a first pointer PI. The end location is the position from which the next 
pixel Infermation is to be retrieved by the display means, e.g. in FIG. 2a the end locaHon 26 Is indicated by 
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a second pointer P21 From the above considerations it follows that positton 9 and 26 of FSM respectively 
convspond to [aixel'-pdsitions 9 arid 26 of' the image frame. At time instant tO, after pixel information 9 is 
stored, the display means may start retrieving the information pertaining to 46 pixels. n1. at locations 26 to 
63 and '. to 8. • • • ' . . - 

5 FIG. 2b shows the frame store at a secbrnd time Instant tl. The first pointer Pi has proceeded to 
position' 11 and the second pointer P2 has moved consideraly faster to position 60. The atx>ve mentioned 
number of pixels that may be retrieved Is how only 14. Thus the number of pixels that may i be retrieved Is 
variable. The fact that a variable number of pixels can be retrieved is for instance applied when the 
decoding means receives few paiclcets. due to-e.g. delay jitter, and the display means then catches up with 

10 the work load at an even rate. ^ . " 

FIG.^2c shows a frame store at a third time instant t2. In this figure it is shown what happens when the 
variable number of to be retrieved pixels Is not kept within a range between a first, e.g. zero, and a second, 
e.g. 63. predetemnined number. In this figure the first and second pointer have crossed each other, rh a way 
turning the implicit buffer inside out. The first pointer PI has stayed in position 11, possibly because of the 

T5 delay jitter, whilst the second pointer P2 has further moved to position- 13. This means that the display 
means has' displayed old pixels relating to a previous iframe. n1. pixels 11 and 12 not yet refreshed by the 
decoding means DECl abd DEC2."ln: other words the pixels now in positions 11 and 12 have been 
displayed more than once. The above effects depicted in FIG. 2c, corresponds to. an underflow of the 
implicit buffer v^ich as stated above'results in some pixels being, displayed mcve than once. The (^iposite 

20 effect' (not shown) is equally well possible 'and < arrises when PI catches up with P2 which results in an 
overflow of the implicit buffer now leading to image'degradation because some decoded pixels are never be 
displayed n1 . those pixels located just after the memory- location indicated by the second pointer. 

The above mentioned image degradation relating to FIG. 2c can be acceptable because the correctness 
of the further decoding is not affected and tiie image degradation is thus both local and temporal. It can be 

25 avoided by keeping the variable number Within' a'p'rsdetermined range; e.g.' from 0 to 63. This is realized ^by - 
the control means CON monitoring "the variable number land adapting the processing speed of the display 
means DIS according to the result of this monitoring as will be described in detail vWth- reference to FIG.'7.. 
To be noted that in any case. e.g. • even- wheri the control means is used but due to extreme 
. circumstences- fails to prevent the implicit -buffer - from under- -or overflow, the under:- or overllow of the 

30 implicit buffer has a much less dramatic effect than' the under- or overflow of input buffers in prior art >, 
decoders. Indeed; in the latter case synchronization is iost and the decoding process has to start again from 
scratch resulting in severe image degradation whereas the present invention: wiil> only display same units 
incorrectly wherefler, and wittiout speciaf measures to be taken, automaticaily correct- operation is resumed. 
One case in which this crossing of both pointers^is' acceptable is when the video decoder is externally 

35 controlled to freeze- the image whilst receiving, a moving image. To freeze the image it suffices to deactivate 
temporarily the decoding means DEC1 and '0EC2 whilst letting the display means DIS display further the 
now stationary content of the frame store memory. FSM. To this end the eventual loose coupling between 
' the decoding and the display rate, realized by the control means CON, has to be de-activated by the frame 
store controller FSC. The latter de-activation is automatically achieved in the present embodiment when no 

40 action of the control means CON t^es place; in the absence of received packets. The latter feature and . 
' other advantages will be described in detail' with' reference to FIGs. 5 . to 7. • - •• 

• o From the above follows that, there' isi no need ^to reconstruct the encoder, clock, e.g. by using a phase 
locked loop, to synchronize the decoder with the corresponding encoder. Also a dejittering unit in the form 
of> a large input buffer, realizing a fixed: delay- for the received packets Is made superfluous in this 

45 -' embodiments since the delay jitter of the packets is eliminated in FSM. The interface module INT might 
■ however include a smaller input buffer to ensure, as will be explained later; that the decoding means does 
not 'have to stop processing in the middle of one block -of video information when blodc coded signals are 
used. SLch a smaller input buffer is also required for ATM interface functions such-as header error control 
and en'or correction.- ■ ..i . . . '; * 

so Summarizing, the interface module INT only provides basic functions and the decoding means DECl 
and DEC2 processes the incoming packets as they arrive without first eliminating the delay jitter. ■■ 

The interface module- INT provides minimal control information on the lines 0V1 and 0V2 to DECl and 
PROC respectively: 

With reference to FIG. 3, the decoding module DECl is now briefly described. This decoding module 
55 DECl only forms a first part of the decoding means a second part DEC2( being situated in the pixel 
processor PROC which also includes the frame store controller FSC. ' 

The decoding module DECl realizes the present state of the art coding techniques resulting in efficient 
compression. It receives the video information VI via terminal VI and the first control infonmation OVi via the 
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Iin8;.0y.1. ,VI is applied to a decoder JPEB and OVI is applied to a.: translation logic block TRANS 
transforming it into third control, information 0V3 which Is applied via a like named terminal OVS.to the 
decoder JPEG. ; v 

JPE6 transforms the video information VI under controj of the third control information 0V3 In; a first 
5 Intermediary signal INT1 applied, to a like named output line INTI. The signal INT1, Is applied to an inverse 
Discrete Cosine Transform block IDCT which produces therewith a second intermediary signal INT2 again 
applied to a like named output line INT2. Thejatter signal INT2 is then shifted into a buffer FIFO. From this 
buffer FIFO a first hand a second, output,- LUM and. CHR respectively, together constitute the output line 
OEGVI. The output lines LUM and.OIR carry like named signals. LUM and CHR respectively, which consist 
10 of luminance and chrominance data. 

The decoder JPE6 decodes- VI according to an impending standard of the Joint Photographic Experts 
Group is .foT: Instance described in Electrpnic Design ol , May. 1991. . pp. 49-53, by M. Leonard, and^ obtainable 
as IC L64745 from LSI Logic Corp. This decoder Is specifically designed for still pictures, but Is here used 
for decoding moving images as no standards in this :fieid are issued yet. . 
15 ! .■ ,The decoder JPE6 is controlled by the third control Information 0V3 . which Indicates the' variable length 
codestand quantizers were used in the corresponding encoder which has generated the received packets. 

' Decoders such as JPE6 and translation.logics such as TRANS are welll known in the art and obvious to 
implement for a person skilled In the art. They are.therefore not described in detail. 

The first intermediate signal INTI generated by -.JpE6, is ; transformed in a second Intermediate signal 
20 INT2 In IDCT. Circuits realizing inverse direct cosine? transform functions are also welhknown in the art. One 
such a circuit is for, instance realized in the IC L64735 of iSI Logic, Corp. . * • 

The signal INT2 consists of units of decoded video-,lnformation, i.e. bytes of luminance and chromin- 
ance pertaining to a pixel*. .. , ;vr I . . , . , , *r 
It is to be noted that, due to the asynchrpnous/iajure ;0f, the present video decoder only..orie decoding 
25 moduIe.;DEClr of the above .type has .tO:be,pfOvic!ed.iwhere!as in,;prior art, decoders; the: luminance. and . 
chrominance .signals, are decoded- separately. Jn order .to :meet the ;timing constraints without further 
complicating the design. Indeed, because the decoding .module DECI can handle the incoming video 
information Independently from the display, module ^one.rdecoding means suffices for both categories of 
information. In order to, efficiently demultiplex the second intermediate signaMf^2 in its chrominance and 
30 . luminance part for further processing the buffer FIFO.jis provided. 

• . ' Since the above Information is sufficient for a person skilled in the art to implement the decoding 
irnodule'OECI, H' is hot described. in more detail. , ■ . 7. 

It is to be noted-- that> in order ;to avoid that the decoding. module DECI would have to cope.with a peak 
bistrata of incoming data, which is due to theiStatisticali;fluctuations of the delay jitter, the earlier mentioned 
35 buffer in the interface module INT.of FIQ. 1: is: used tOf somewhat -smooth.:out. the worst case effect of.peak - 
bltrates. thus alleviating the design of the decoding module DEC1. , , . . . ■. . . .. 

With reference to FIG. 4 the pixel processor PROCwill now be functionally described. ; 
RG. 4 only details the content of the various input and output signals of PROG and the form of the . like 
named Input and output terrriinals. v 
40 To be noted that PROC incorporates, both the second part: of the decoding means DEC2 and the frame 
store controller FSC as mentioned earlier. The operation 'of. the pbcei processor. PROC is best described 
functionally as done hereafter 'from which description ithe pixel processor PROC can be implemented by a 

person skilled In- the an. . . . .... » . ...... 

' FIG. 4 shows that the decoded video infomnation DECyi consists of luminance. LUM and chrominance 
45 CHROM parts as received from the decoder DECI and. carrying information relating the luminance and • 
chrominance, part respectively of corresponding pixels of: a frame. A second Input .signal of old units of 
video information OLD is In similar, manner constituted by luminance LUMO and chrominance CHROMO 
parts retrieved' from the frame istore memory FSM.. Further also the output signal of new .units of video 
information NEW1 is subdivided in luminance LUM1 and chrominance CHR0M1 parts which are stored in 
50 the frame store memory FSM. How LUMO, CHROMO, LUM1 and CHR0M1 are obtained by. an from FSM' 
will be explained later. - ■ .v... -. ^ .1^ 

Another input 0V2 to the frame store controller FSC carries the like named signal: 0V2 which is the 
second control information constituted by, as shown In FIG. 4. stripe information STRIPE, field information 
FIELD and mode information MODE as generated by INT. The information contained in STRIPE and FIELD 
55 is used to indicate which .part of the image is currently being decoded. The mode information- MODE 
indicates the coding mode used for ttie currently decoded image part and indicates e.g. intra frame coding 
or interframe predictive coding. . . ' . 
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A further output ADJ carries the dock adjust signal ADJ constituted by a first line number LIN El and a 
second line number LINE2 which will' be described in detail below with reference to FIG. 7. ^ 

A last input Is the exteimal control input EXT and aMast output is VIDEOSYNC which Is connected to the 

display means DIS " * ' ' . ^ . . 

s ■ The control signal CTL is used by the frame store controller FSC to control the frame store memory 
FSM and will be described in detail when the latter memory is described with reference to FIG. 5. 

■ • To be noted' that coding techniques such as interframe predictive coding arid motion compensation 
referred to hereafter are well known in the art. e.g. from'the article 'Video compressiori makes big gains". 
IEEE Spectrum, October 1991, by H. Peng et al. " ' / 

10 ' If the mode information MODE indicates that'iriteirframe predictive coding was 6sed then the decoding 
pari DEC2 of the* pixel processor PROG adds the decoded video Information ' DECVI to Information 
" pertaining to old units of decoded video information OLD which It retrieves from tKe frame store memory 

FSM. ' ' . \ ' ' 

It then applies* an' inverse predictive coding "algorithm, many of which are described In- the art, and 
75 derives new "units of decoded video informatibii NEWl which It applies to the terrtiinal NEW1 to store these 

■ new units in the frarne store memory FSM. ' * ' *' ' " " ' " ' ■ ' 

When, on the other hand MODE indicates that 'motion compensation 'has to be provided then the pixel 
•' processor PROG reiads a specific part of the frainie stbre'niemory FSM'whIch is indicated to the frame store 
' controller FSC 'by a motion vector also transmitted' within 'the' mode information. The- quisstion" of motion 
20 compensation will be discussed in detail further below. • 

' • It has to be noted that the Information reti-ieved- via OLD iS' in fact information NEWl previously stored . 
when' handling in DEC pixel information pertaining' to a corresponding previous image part. 
■ The signal VIDEOSYNC is constructed by : PROC based^on the contents 'of CTL and indicates the 
' beginning^of an image line to' be used by the display module < ' - 
26 ■" • The frame' store' memory FSM depicted in F^lG- 5'is ^a dual port memory which is well known in the art - 
and can for instance be realized by combining 8 TMS44C251-100 IC's from Texas^ Instalments. The frame 
store memory FSM has a first input NEWl on" which" like named new units of decoded video information 

■ NEWl are applied by PROG. They are 'constituted by luminance LUM1 and chrominance CHROMI parts 
respectively. An output NEW2 of this memory also carries new units of decoded video information NEW2 

30 constituted as above by parts LUM2'arid CHR2.' At another output OLD like named old units of decoded • 
'vWeo information OLD' are retrieved. They are 'constituted by a luminance part LUMO and a chrominance 
part CHRO. The frame store controller FSC of PROC controls this memory via control terminal CTL! • ' 

The internal organisation of the frame store memory FSIVI is only schenriaticaUy' shown and con^sts of 8 
dual port memories VRAM1 to VRAMS, each' of these' dual port memories or VRAMs being built from a 
35 dynamic random access memory br DRAM- and a serial access memory SAM. The latter DRAMs and SAMs 
are again 'nurnbered DRAM1 to DRAMS and SAMI -to SAMS respectively. As also schematically shown In 
FIG. 5 the new units NEWl , coming from the frame store controller FSC and described above, are stored in 

■ one of the DRAMS. Also the old units OLDi- to-be' used by the frame store controlled FSC. are retrieved 

■ from these DRAMs: The new units NEW2 to be 'used by the display means DtS however are retrieved from 
40 ''the SAMs. * ' = ■ • ' . ^ - -t?-- !:• ■-. 

The underlying principle of "the presient ihVeritlon' is to disconnect the decoding process (which ends" in 
the 'decoding part DEC2 of the pixel processor PROC) from the disjplay process 'realized by DIS. 

By using a dual port frame store memory FSM both processes are also disconnected in'hanjware. 
Whereas the decoding process' heeds difficult - addressing to Implement predictive block coding and 
46 possibly motion compensation, for which the DRAMs are used, the display process needs very simple 
addressing to read the images line f»r line and pixelper pixel which is achiisved by using the SAMs. These 
SAMs do not permit other than consecutive read operation of their different memory locations. 

Block to line conversion is implicitiy done within the frame store memory FSM. Indeed,- by ensuring that 
predetermined bounds exist on the above mentioned variable number, nl. the amount'of units contained in, 
50 respectively, one stripe and one frame minus one stripe, transfer from DRAM to SAM allows the display . 
means DIS to read the correct data without the need for an extra memory block dedicated to this 
conversion as in prior art systems. . • • ' » 

Following Is a description of how- FSC controls the storage of NEWl and the retrieval of OLD via the 
control signal CTL. Retrieval of NEW2 by tiie display means DiS will be explained in detail later when 
55" describing the worldng of the latter means. ■ 

In'the description of the control of FSM by FSC it Is assumed that FSC contains a memory map whteh 
maps the location of a pixel in an image frame to a memory location of FSM where information pertaining to 
the latter pixel has to be stored or from where the latter information has to be retrieved. How this memory 
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map rs, obtained, will be explained later. .. 

Three possible pointer -values or memory adjdresses can be indicated by <CTL In case information 
pertaining to a new pixel' has to be stored,. the location In. FSM where.this information has to be stored, i.e. 
the value of the earlier mentioned first pointer is passed to the FSM by the module PRQC, this location is 
5 derived from the contents of 0V2 using the earlier mentioned memory map. CTL can also contain the value 
of the earlier mentioned second pointer .when. NEW2 has to be passed .to . OtS for display,: of the image 
pixels. More details concerning the latter display are given, later when describing OlS. In case of decoding 
predictive coded information, or in case . of motion, compensation CTL contains the value of a third pointer 
which is used t>y PROC to retrieve OLD. ' i . , . - - 

10 It. has to be npte|d that in case of motion compensatipn the, earlier mentioned motion vector determines 
together-.with the first, pointerj the third pointer. . Indeed the motion vector indicates an offset from the new 
..unit to be-.decod.ed, the place of which is. IridicBted by ^the, first pointer, to the old unit to be used for that 
decoding. ; ' 

■ -.. Whereas the second pointer simply indicates consecutive addresses in the frame -Slore memory FSM, 

rs ttie first pointer^may have to be updated according to stripe or fle||d inforrnation, STRIPE and FIELD of 0V2 
respectively, for instance when a packet is lost or when synchronization on the varlaljle length codes is tost 
duo to transmission errors. Indeed in these cases, a simple counting process would result in the total 
misinterpretation of received packets. .Therefore also minirrial, synchronization information has to.be present 
in the second control lnfornnation OV2 at least .to^give the , frame store controller FSC of FIG. 1 a possibility 

20 to resynchronize on the anrlving image data. \ • ; - ' - ' >. 

The first- and the third pointer, thus have to. be calculated by the frame store controller .FSC to, Indicate 
the memory location in the DRAM's pertaining to a.partipular unit of a frame. The second pointer, only ^ has 
to indicate which SAM has to be accessed. The second pointer can .be explicltely determined by the frame 
store controller FSC and applied to the frame. store; rqemory FSM; via. terminal CTL .to select .the right-SAM - - 

25 from which NEW2 is retrieved^ As -an alternative the VIDEQSXNQ'Signal . indicating the. beginning of a:iline 
could b& used by the; display means DIS to simply access a next SAM. - . /^ 

In the above it was implicitly understood that a memory map .existed in the frame/ store controller FSC 
with which it could deduce from the location of a -unit within ar), image frame, a corresponding memory 
: location in the frame store memory FSM. -This in order.tp calculate- the various pointers. Nothing was said 

30 , however about how this memory map has to , be derived, in- order to operate the frame store memoryiFSM 
correctly and in particular in. order, to .fill the SAMs at the^ right time with all data pertairiing to one, line of -the 
image. This vyillrbe, now, clarified. , .-• , . . 4. 

The frame store; memory organisation wlH- be discussed, while using the above type of dual port memory 
IC's of Texas Instruments.. These memories, are, 4v.bit.% wide arid 256K addresses long.„ln order to manage 

35 units, of decoded video information of>8 bits 2 IC's a;a.. taken in: parallel.. ^urninance. and .phip^inanqa parts- 
of the various signal NEWI. NEW2, OLD, are needed in parallel so again i2;,times 2 parallel^, chips are 
accessed at the same time. In order to do intorframe predictive coding a further paralletization is needed : 2 
banks of 2 times 2 chips will be used. In so doing the situation depicted in FIG. 5. is achieved where 8 of 
the above mentioned chips are used and where-twO;Chips are used to. store the 8 bits of a unit. This 

40 number is doubled in order to separate luminance and chrominance data and further doubled to jcreate. two 

banks of chips., in this way enough nnemory is available, to : store .all. units of one.frame. 

Rrstly the memory map will be discussed without takirig jnto account motion compensation which is 
discussed further below. -• . ; -j. .. , , ,. , . - . ', .... .; 

The memory addressing space consists,. for. every, chip,: of, ,9. bits ^ to indicate. ithe row and 9 bits to 

45 indicate the column in the memory. 'With these 18 bits 2 chips are accessed at the-^same time in. order to 
accomodate units which are =8 . bits wide. One further bit selects ^her the luminance or. the chrominance 
chips of a particular bank. A lost bit is needed to select in which bank, units are to, be. stored or retrieve, 
thus resulting in a total of 20 bits for the addressing- space of the frame store memory FSM. In order to 
speed-up the addressing two data busses are used for each bank separately which are physically selected 

50 in the frame Store controller FSC. ■ . i . , , f - . 

. . As an example we will now consider specifically the memory, map to be .used when receiving data 
conform to the standard CCIR 601. Standards using other resolutions can equally well be, processed by this 
video decoder without any hardware change. The .latter will be demonstrated after completing the 
description regarding the CCIR 601 case. 

55 In the CCIR 601 standard the location of a unit writhin a frame has to be expressed within a frame of 576 
lines of 720 pixels. Each frame consists of 2 fields of 36 stripes and each stripe of 1 80 blocks of 64 pixels. 
The stripes are so organized as to contain all units of 8 consecutive lines and the corresponding blocks. 90 
blocks of -a stripe are dedicated to two types of chrominance data, n1. CB and OR whereas ail other 90 
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blocks of such a stripe are used for luminance data. All- of the -above is well known in the art. This 
information results in a frame addressing space as shown in the foilowing table ': 
FO Reld.Number . .•.<.' 
S5-S0 Stripe- Number (6 bits limited to 35) 
s B6-B0 Block Number (7 bitis ilmlted to 95) 

P5-P0 Pixel Number (6 bits) ' - - 

UC Luminance or Chrominance ' 

Thus the frame addressing space is 2i bite wide whereas the memory addressing space, also counting 
the bank number,. is 20 bits wide. Some calculation thu.Sihas^to take place to determine the location of a unit 
10 In the memory map and the value of different pointers which is Implemented 'In the frame store controller 
FSC. It is to be noted that stripe and field . numbers . can be checked by FSC based on the second control 
information 0V2, and particularly the FIELD and STRIPE parts thereof, whereas the pixel and block number 
have to be derived by internally counting the decoded number of units. 

■To be further noted that the above memory addressing space is only relevant for the DRAMs, the 
75 access of the SAMs being described later. ' ? > . ' • : 

Even and onoven lines of a frame will be accorded memory place in different banks to reduce timing 
• problems as clarified hereafter. In this way the* two different data busses' are maximally used because,. in 
decoding one block/ every 8 consecutive pixels, wilt belong to alternating banks: ' - >' 

A second , important consideration is that all-the=units pertaining to one display line and category; i;e. 
20 ■■ either, luminance or chrominance, should be wherever possible In one. chip. In this way the SAM is most 
■. effectively used as. these units of one video line: can be transferred, with an existing internal mechanism of 
. the nnentloned mennory chip, from the DRAM tOithe SAH and the display means DIS can simply read this 
SAM ; serially to display this video line. . ^- • r. :; • ,. ' - ' i ' ' ■ 'j- 

. In the CCIR GOI case this is not possible, because, of the. number of pixels on such a video line. Indeed, 
25 the amount'Of units contained in one suchva^liiidiexceeds^the capacity-of one SAM. In this case as few 
SAM'S as possible should be used to store such a long video line. By alternating the banks for even and 
uneven lines the display means DIS will also use alternating banks in the display means. To' be noted that 
the block to line conversion within the one frame store memory FSM can be implemented in this way. 

It can be. further said, that by using paraijefaccess to i.chips to accomodate uriits of 8 bits wide the one 
30 chip mentioned in this paragraph physically conforms to those 2 chips put In parallel. 

Alternating the, lines in two different banks can be achieved easily by letting bit P3 select the bank. It 
c^ be verified that in using an address ^translator table and an address, niatching ^ In the following tables 
the ^ve demands are met. ■ • ; / - ' " » 



35 



40 



y ■ ■ ' ' < ■ * 
* " - ' " ; * 
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B6 B5 S5 S4 S3 S2 


AA A3 A2 Al AO 


First 512 Pixels 
Stripes . 0-31 56-67 
Stripes, 32-35 68^71 
Stripes 36-39 72-75 
Forbidden ■ 
Forbidden . • \ ^ ' 
Forbidden ' 




0^ X X X X X 

. ir 0. ; 0 X X x 

1 Ov 10 0 0 
■ 1- 0 1' 0 0 1 

1' 0 1 0.1 X 
• li 0 1' 1 x X 

1- 1 X X- X ' X 


S5 84 S3 S2 B5 
1 1 S3 S2 S4 
S5 S4 1 S2 S< 
35 S4 1 S2:S|ei 



4S 



SO 



* , .. Tab'ie .1 .Address -Translator . ; ... * 

) [ ' ^ , - f ^ .J ■ i . ' ■ ■ ■ ' ' ' 

' In the^above table the symbols AO'; A4 are .needed to reduce the frame addressing space with 21 
bits to an intermediate addressing space with only 20 bits in order to be compatible witti- the memory 
addressing space. The translation from this intermediate addressing space to the memory addressing space 
is done according to the folowing table. 



55 



12 



EP 0.562 221 Al 



10 



Bank 


R 0 w . A d d r e s s . . 


P3 

P3 


FO A4 A3 A2 Al SI SO P5 P4 
FO A3 .A2 Al SO^ P5 P4 SI 






Bank 


Column Address 


•■ P3 
P3 


AO 84 83 82 Bl 8 0 P2 PI PO 
AO 84 83 82 Bl P2 PI PO BO 



T able .2 ' ' A d d r e s s Matching 



With reference to the above address matching, table it can.be said that the frame store controller FSC 
75 by counting the decoded units in every new stripe can easily determine whether a , new unit of decoded 
video Information is tO: be stored in a luminance ;0f 3 chrominance memory chip "L" for address matching, 
whereaa In.the latter. case it-.will be Uie line afler;,?C"'in the -same table. For chrominance data it is further 
important that, although two types of chrominance data, n1. CB and .CR, arrive separately in separate 
blocks, these two types should be interleaved in-tho frame store memory for correct operation of the display 
20 means OlS. it can be verified that this is achieved by -rotating the last four bits, with respect, to the 
luminance' case >of the. column address when chrominance data is received, whichds shown in table 2. For 
simplicity's sake . the same measure Is taken for the row address as can also be seen In table 2: In using the 
above tables also the two different types of chrominance data, n1. CB and CR are automatically 
demultiplexed according to the. CCIR'60t case.'. The fabove > results Jn. a memory, rttap /according to^the 
25 following table wherein .only one bank.containlng either the even. or the uneven lines is -considered. .* 0 



Rows 


Columns 0-255 . 


: .Columns 256-512: 


0-1-5 
16-31 
32-127 
128-143 
l<t4-159 


St 0-3 Pi = 0-255 - 
St 4-7 PI 0-255 

„ St 32-35* *Pi 0-255 
Reser^ ved for MC 


•St 0-3 ' Pi 256-511 
St 4-7 Pi 256-511 * 

St 32-35* ' *Pi 256-511 . 
Reserved for MC 


160-175 
176-191 
192-207 
208-223 
224-239 
240-255 


St 32-35 Pi 512-719 

Reserved for MC 
St 0-3 Pi .512-719 
St 4-7 Pi 512-719 
St 8-11 Pi 512-719 
St 12-15 Pi 512-719 


Unused 
Unused 

St 16-19 Pi .512-71.9 , 

St 20-23 Pi 512-719 ? 
St 24-27 . Pi.512-.719 
; St 28-31 Pi 512.-719 


256-271 
272-287 
288-383 
384-399 
400-415 


St 36-39 Pi . 0-255 
St 40-43 Pi 0-255 

St 6B-7i Pi 0-255 
Reserved for MC 


St 36-39 Pi 256-511. 
; St 40-43 , Pi 256-5i;i; , 

• St 68- 7 i ' * Pi 256-511 • 
• Reserved for. -MC. 


416-431 
432-447 
4^8-463 
'i64-479 
480-495 
496-511 


St 68-71 Pi 512-7 i 9 
Reserved for MC . , 
St 36-39 Pi 512-719 
St 40-43 Pi 512-719 
St 44-47 Pi 512-719 
St 48^51 Pi 512-719 


Unused 

Unused 
St 52-55 Pi 512-719 
St 56-59 Pi 512-719 
St 60-63 Pi 512-719 
St 64-67 Pi 512-719 



30 



35 



40 



45 



SO 



Table 3 Memory Map 



In the above table St stands for stripes and the numbers indicate the numbers of such stripes within the 
frame. Also in the above table Pi stands for pixels and the numbers indicate the numbers of such pixel 
within a video line of the frame. St 0-3 Pi 0-255 for instance denotes the first 256 pixels of the. even or 
55 uneven, video lines comprised In the first 4 stripes of the frame. 

From the above memory map it follows that some overhead capacity is available in the frame store 
memory FSM, i.e. some parts of these memory are never used in the above case. This overhead can be 
used to implement motion compensation using a non permanent memory map which will be clarified 
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.'hereafter. \ , . - . •. ' ' - . " •-■ - - 

^Allowing negative motion vectors means that the above permanent memory map is not suitable for 
motion compensation because old units. Indicated by such. a negative motion vector, are already overwritten 
by new units when they are needed for the nnotion compensation scheme. ^The free space of table 3 

s referred to as "reserved -for .MC" will be used to overcome. these problems: Because there Is no time to 
copy data to this free space a non permanent memory map has to be used. In so doing the memory 
location in which a particular unit within a frame , is: to. be found, changes with each consecutive frame 
received. Thisiis accomplished when, for instance,/ a new unit is written 16 columns under its corresponding 
old unit. With this principle a negative or positive motion vector of .at most 4 stripes is allowed which is 

10 more tiian prior art systems allow, in the light of the '^ove description this principle can be implemented by 
a person skilled In the art and it is therefore not described in more details. , 

< ■ With reference to FIG. 6 the block schematic :of the. display means DIS will now be. briefly discussed. 
. - DIS has as input the signal NEW2 which consists. of signals L.UM2 and CHR2 retrieved from the frame store 
. memory FSM and respectively containing the luminance and chrominance of. the pixels. This input signal Is 
75 first applied to a block YCTORBB transforming it into* red/green/blue format appropriate for. the display. The ■ 
latter block has three outputs. R1. G1. 81 respectively -con-esponding to respectively .tiie amount of red, 
green and blue color In a particular . pixel. These outputs are (applied to a digital to analog conversion block 

• DAC. The latter block , also having; as lnput:the signal VIDEOSYNC - from ..the pixel processor PROC and 
which indicates the beginning of a new image line as needed for the display of an image. ' • 

20- The block DAC has 4 outputs R2, G2 82. and- S respectively on which like named' analog signals are 
. ' applied. These signals drive a video screen MONITOR which displays.the video signal. Display means such 
- , as DIS are well known in the art and a person:. skilled in the art should be able to implement.it without 
difficulties. 

. 1 ; • • To be noted thatithe frame: store controller. FSG. ofvFIG. l ean be so designed as to be able to change 
26 the resolution of the display 'or .to adapt Jo -a. change of the -resolution of the i received informatio e.g. by 
decoding video Infonnation according to GIF instead of CCIR B01 resolutions, and this without any hardware 
..change. For.-the latter the only restriction is .that the frame store memory FSM, in decoding predlctively 
■ coded data, has to be large enough to contain/all the units needed in such a standardized frame. 

For instance the second control infonnation ,0V2, could be used to send a signal indicating that, instead 
30 " of receh^lng CCIR eoi frames, H2ei frames. are being decoded. The, frame store controller then only has to 
. use a different memory map for these different frames, the.derlviatlon of such a memory map Is obvious, to 
a person skilled in the art In the light of the above. , ^ . i ; 

Due to the asynchronous woildng of; the decoder .thefdisplay and therdecoding.imeans do not have to 

• work at the same resolution and this resolution can >consequentiy be changed during operation, e.g. it could 
35 be used to zoom, under conti-ol of; signal EXT,- on : a particular part of a frame by adding new units by 

'interpolation or by simply influencing -the display means through the second pointer to* display only some 
■ units jn the frame store memory FSM. 

The above features can for instance require that tiie overall system clock SC be divided under control 
, of the t external control signal EXT. by the < frame store controller FSC to achieve appropriate processing 
40-. Speeds for the two processes. The; latter features can also be realized by the. decoding means DECl and 
.- 0EC2 by skipping skipping some packets or by the frame store controller FSC by skipping some units and 
...use tfie>thus gained time to implement e:g. interpolation. V , .i . - 

; When receiving for instance video information-according to a coarser, resolution tiian that specified by 
. , CCIR 601.- the frame store controller FSC.can .contirol the decoding means DECl and DEC2 to create 
45 : intermediate new units, from the received- new units, i.e; calculate .them via upsampiing. All these new. units 
. can then be -stored in the frame store memory FSM in- using the above specified memory map. This results 
in the possibility to use, e.g. a same CCIR 601 standardized, monitor whatever, is the resolution of the 
received video information. . " ' 

. An Important: aspect of theipresent invention .is .to avoid- image degradation caused by the crossing of 
50 the first and the second pointer as described in detail earlier^ When block coded. video information is used a . 
- somewhat more, stringent demand is to be met to avoid any image degradation n1. the, two pointers should 
not correspond to pixels within one stripe. Indeed, when the latter would happen the display means DIS 
would display partly oki units and partiy new units of the handled stripe, because tiie display Is line or stipe 
oriented whereas the decoding is block oriented. Therefore, the- variable number should remain within 
55 predetermined bounds,- i.e. between one stripe, and one frame minus one stripe to avoid any image 
degradation.. . ■ 

The above is achieved by the control means CON depicted in FIG. 7. CON receives an input signal ADJ 
from the frame store controller FSC of FIG. l and which is constituted by a first line number LINE1 and a 
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second line number UNE2, respectively indicative of which line within a frame is currently processed by the 
-decoding means DECI and DEC2, and the display means DIS: The second line number LINE2 is sustracted 
from the first line number LINE1 in a substractlon module S and the result is fed into a block . POS 
calculating from said result a number between 0 and the total number of lines contained in the frame^minus 
one. The output of the latter block is compared In a comparator circuit C with a counter value which is the 
output signal of a module counter CR counting from zero to the atjove mentioned total number minus one. 
The latter module counter CR counts with a frequency determined by a clock input signal SCI derived after 
. division (not shown) from the system clock signal SC and which for sake of clarity is not shown in FIGM . . 

►The output of the cornparatorJC is a pulse- width modulated signal PWM which is fed irito a low pass 
filter LP the output signal DC of which Is used to control the frequency, of Ihe system clock SC. •> '■ 

The block POS converts the result of the subtraction to a value indicative of <the earlier mentioned 
variable, numbei'. It' avoids that'lriegatlve results" are.further used by the control means, these negative values 
corresponding to cases where the implicit buffer crosses.the boundaries of the frame store memory FSM as 
• atready discussed with reference to. FIG. 2b. The value- indicative of the' variable number in case of negative 
' value is obtained by adding the negative result to ttie aforementioned tot^f number. > i 

'To be noted ithat the difference between LINE2.and.LINE1 is not exactly equal to the variable number 
but is indicative of- that riumber. The first line number. LINE1 control Is indeed derived from the second 
control information -0V2 ' by > the frame store controller FSC by; multiplying' the stripe number STRIPE by 8 
thereby indicating the last line of a stripe, whilst the 'second line number LINE2 is derived by the frame 
store controller FSC from the second pointer.. An alternative would be to use the pixel locations derived from 
the first and second pointers' but tiiis leads to an ^output Value changing in relatively large steps due to the 
fact that the first pointer indicates a pixel block of -an image whereas the second pointer indicates a display 
line. . 1 . ■ J 

The output of POS, which is indicative of the variable number, fs:>compared with a predetenmined- value, - 
.•e.g. half of the mentioned total number as produced , by rthe- counter COUNTER. -When the output signal is 
larger than the pi'edetermined value 'Which- means ^that the number of pixels located between the locations 
Indicated 1 by the second and the first pointer is greater ( than a predetermined value, ttien wide pulses are 
produced at the output of the comparator whereas the opposite case leads to narrow pulses. Wide pulses 
pi-oduce, after'the low pass filtering in the block LOW PASS, a'larger signal DC speeding up the frequency 
of the system clock SC, which results in a highel- retrieVar rate of information from FSM by DIS. This way 
- the display process catches' up with the decoding process; theret)y reducing the variable number of :units 
t)etween the second and the first pointer f • 

On the other ^ hand 'when the output- signal -of smaller than the predetermined value, smaller 
pulses are produced by Ci which results in a snnalle^slgnar DC and a slowing down of the frequency'Of the 
system clock SC and thus a lower retrieval rate of in^rmatioh by DIS. . ' ' vt< «.. . * 

The above control means CON in so doing indirectly tunes the display process to the"'infoi*nriation' rate 
produced by the encoder without needing dedteated phase lock loop circuitry and large input buffers in INT 
of FIG. 1. ' • . - . ► • • . , 

To be noted that the delay jitter and^the varying Information density in the received packets, in case of 
variable bit rate coding, have little influence on the stability-of the frequency of the; system ciock SC thus • 
keeping the video decoder compatible with ' existing^ display standards such as : CCIR 601 - or ^ PAL The 
mentioned varying information density does lead to fluctuations , in the variable- number because some 
:pacliets -result in many units being decoded at a fast rate whereas other packets only carry information 
relating to few units hence giving rise to a slow: decoding ratepbut the instability of the frequency of 'SC can 
be bounded by determining: a suitable cut-off frequency of the low-pass filter LP so that the variable voltage 
DC' can at most vary with the latter frequency- thereby keeping the mentioned instability within predeter- 
mined bounds. A cut-off frequency of e.g. 1 Hz suffices to achieve a sufficientiy stable clock frequency. It is 
furtiier required that the frequency of the pulse width modulated signal PWM is high enough, therefore the 
dock input signal SC1 to the module counter. CR should for instance have a frequency high enough to 
ensure that the former frequency is for instance 1 MHz. In any case the frequency of SCI 'should be such " 
that enough samples of the output signal POS are taken within ttie time needed to display a frame i.e. tiiis 
frequency SCI should at least be larger than orie frame period divided by the m'enftoned total. number. The 
problem of achieving a sufficiently stably system clock SC can be alleviated further tiianks to a small Input 
buffer used to smooth out the delay jitter as already mentioned earlier. 

' It was already mentioned that at any time within the display the displayed image can be frozen by 
controlling the frame store controller FSC, via the external control input EXT, to skip all incoming 
information by simply not writing it in the frame store memory FSM. Similarly ttie video decoder can be 
used to display still pictures e.g. according to the above mentioned JPE6 standard. The wish to use such a 



EP 0 562 221 'A1 



feature can be indicated In the second control information 0V2l To this end, if the control means' CON is 
used, its control action has to be suspeniiled e.g. by 'allowing the frarrie store controller FSC to predefine the 
adjust signal ADJ. 

While the principles of the invention have been described above in connection with specific apparatus, it 
5 is to be -clearly underistdbd that' this description is made only by way of example and not as a limitation on 
the scope of the invention. ; 

Claims-* • ' • - • ■''■>■' • >■ 

10 1. Video decoder, receiving packets from a packet switching network, said packets containing control 
Infonmation (OVI : 0V2) arid video information (Vfl), and said video decoder being able to process real 
time moving video images and including, 

- decoding means (DECI, DEC2) deriving from at least said video Information (VI) new units of 
* decoded video information (NEWiy relating to a current video frame; ' 
76 ■ - a memory module (FSM) in which said new'unlts (NEWl) are stored; 
' • '* • display means (DIS) displaying said stored n^'uhi^^ 
' • characterized in' that after one oif said new units (NEW1) is derived and stored in said memory module 
(FSM), said display means retrieves a variable 'nijml)^r*of said stored- new units {NEW2) from said 
memory module (FSM) for display, before retrievirig said one unit 
20 ■ ■ ■ ■ ' ■' ' " , ' ' ' ' - ■ ^ " * 

2. Video decoder according to claim V, characterized in that said decoding means (DECI. DEC2)'retrieves 
^ from said memory module (FSM) bid units of decoded video Information (OLD) relating to a previous 
video frame to derive therefrom said new = Units (NEW1} thereby decoding 'predictively coded video 
information. 

25- ■ V'^ n-y^J'^^V■VJ^.= iwl- ■ . . ;■ . ■• ■ • 'v 

' 3. Video decoder according to claim 1 or Zi'characterized in that said decoder furthei' includes a control 
means- (CON) which monitors said variable nurhber and which increases or decreases the frequency of 
a system clock (SC). included in said video decoder and controlling at least said display means (DIS), 
thereby preventing said variable number' firom becoming larger or smaller than a first and second 

30 predetermined number respectively. 

' A': ' Video decoder according to clainn 3, characterized in that 'said 'system clbcksXSC) additionally' controls 
at least'sald decoding means (DECI, DEC2)y''- ■'-''^v.'' ■/ ^i;:. ,^ h '-' ^ :: ■= 

35 5. Video decoder according to claims -2 and 3, characterized in that said control means (CON) derives 
from part^'bf said'cdrHi'dllnformatloh a value Indicative of said variable' number and speeds up or slows 
down said system clock (SC) if said value is respectively higher or lower than a predetermirred value 
' thereby assuring that said display means (biS) processes each of said units only once. 

• . .. T. . ■.' \ . ■ ■: 

40' 6. 'Video decoder according to claim 2, clia'racterized in that said decoder further includes a- memory 
* module controller (FSC) controlling at'least a first and second pointer (PI; P2) used by said decoding 
means (DECI, DEC2) and said display means (DIS) respectively, said pointers (PI; P2) in<ficating 
which memory location of said memory module (FSM) is to be used by said respective means to 
' • respectively" store or retrieve' said units, arid that the values of said first and of said second pointers 
4S ' ' ' "(P1; P2) are asynchronously updated by said rhemory module controller (FSC) when their respective 
means (DECI, DEC2: DIS) have respectively stored or retrieved one of said units. 

t.' Video "decoder according to claim 6, characterized In that said memory module " controller (FSC) 
performs said updates according to a memory map mapping a-tocation of each of said units within a 
50 video frame onto memory locations of said memory module (FSM). 

8.' Video decoder according to claim 5 or 6; characterized in that said memory -module (FSM) consists of 
' 'a dual port random access memory Including at least sone dyhwnic random access memory (DRAM1, 

' .... DRAMB) and at least one' serial access' memory (SAM 1 SAMS); that said dynamic random 

55 ' ■ access memory is accessed by said decoding means (DECI . DEC2) to store said new units (NEWl) on 
locations indicated by said first pointer' (Pi) and to retrieve said old units (OLD) from a location 
indicated by a third pointer also controlled by said memory module controlfer (FSC), and that all of said 
units corresponding to one line in the video display are transferred under control of said memory 
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module controller (FSC) from said dynamic random access mernory to said serial access memory and 
that said display means (DIS) retrieves said units from locations in .said serial access memory indicated 
by said second pointer (P2). 

5 9. Video decoder according to claims 5 and 6, characterized in that said value, derived by said control 
means (CON) is equal to the difference between a number of a line (Lli^lE2) mthin a. frame, currently 
processed by said display means according to said second pointer (P2) and a number of a line (L1NE1) 
within a video frame to be processed by said decoding means (DEC1, DEC2) according to said first 
pointer (PI). 

10. yideo decoder according to claims 5 and 6. characterized In that said value is derived fronfi said control 
information (OVi; 0V2). ■■ • . 

11. Video decoder according . to clajm 9 or 10, chariacterized in that, said predetermined value is half the 
IS amount of said units contalrved in one frame and, thai said coni^l means .(CON) compares said value 

with a counter value, obtained by. counting modulasaid amount vyithin.pne frame period, and that the 
;' DC comporient (DC), of a pulse .width -modulated^ signal :{PWM). indicative of the, result of said 
comparistpn Is used to control .<thB'frequency.;Of. , said 

20 12. Video decoder according to claims 2 and 3, characterized in that said video information (VI) is block 
; coded using a variable bit rate technique, and that-said first predetermined number is equal to the 
^ • number of units contained in one stripe arid that said: second predetermined number is equal to the 
number of units contained In one frame minus one stripe. .,. • • , 

25 13. Video decoder according to claim 12, characterized in that said memory module (FSM) edacity is 
additionally used by said memory module controller [(FSC) to realize motion compensation by using a 
non-permanent memory map, mapping a location of each of. said new units within a frame ^onto 
memory locations, of: said memory rnodule . (FSM), each of . said new units (NEW!) being stored in 
locations other than the location in which corresponding ones of said old units (OLD) were stored. ' 

30 . . . , , 

14. Video decoder according to any of the claims 2 to 13. characterized in that said units are subdivided In 
''<,': -a. plurdity , of categories (LUM,..CHR),- units corresporiding to different categories carrying different 

Information relating to a same image element, and, that said unjts of video Information of different 
categories are processed by said decoding means (DECI. DEC2) regardless of their category and'that 
36 said memory module. controller (FSC) demultiplexes said units according , to tfie pategory. ttiey belong to 
by writing said units In appropriate memory locations within.said memory mod|jie'(FSM). , . • 

15. Video decoder according to any of the clainis 7 to 14. characterized in that said video information (VI) 
corresponds to images of one of a plurality of resolutions, said one resolution being identified by said 

40 video decoder based on at least part of sajd contror information (pYl, oy2) and that said memory; 
module controller (FSC) adapts said, video,, decoder; ta said one resolution- by- using a conr^pondlng 
. -memory map of a plurality, of memory maps. . . ,, •, •. t.i, -. ,. ; ; y-r . " .: ,~- , 

16. Video decoder according to claim 1 or 2, characterized in that said video decoder ,cari at ariy time 
4$ .change to a display of a stiil picture by not refreshing .said memory module (FSiyi) with- new units of 

video Information. v . ' . ... . 

17. Video decoder according to claim . 16 and ariy of the claims 3-15. characterized in that said control 
- means (CON) is deactivated during said display of a stilt picture.. 

50 , ,•■ • V. . • . 

18. Video decoder according to any of the claims 2-17. characterized in that said memory module 
controller (FSC) is able to control said video decoder to display images differing from those contained 
in said video information (VI) by controlling said decoding means (DECI, DEC2) to calculate intermedi- 
ate new unitS; of decoded video information (NEW1) and, to store at least part of said' new units, 

55 including said intermediate new units, according to a memory map. corresponding to a desired display, 
said desired display being signalled to said memory module confa-oller (PSC) by an appropriate control 
input, signal (EXT; 0V2). 



EP 0 562 221 A^ 



CD 
I— I 

Ll 



s: 
u. 



0) 




Q 


CM 








U 




Z 





3NAS03aiA 



113 



Q10 
IM3N 





OJ. 


o 


u 


PR 


LU 


Q 



o 

I c/) 
Ll 





18 



EF 0 562 221 A1 



OJ 
Q. 



ro 



a. 

























CVJ 


CVJ 


ro 


f\l 


rr\ 


tn 


ro 
vO 






o 

Cvl 


CVJ 


ro 






in 


vO 


in 


CVJ 


c^ 


C\J 


ro 
ro 


o 




in 


vO 




© 


00 


lO 
CVI 


CM 

ro 


ro 


sD 


ro 
in 


o 


ro 


O 




OJ 


ro 


00 

ro 


lO 


CM 

in 


in 


CM 






ro 
CVI 


o 
ro 


ro 




in 


00 

in 




op 




CVJ 
CVI 




vO 

ro • 


ro 


6 


/.. 

in ; . 


i 
1 








00 


in 
ro 


CVJ 


c^ 


in 


.ro. , 

vO 


: vo 




o 


oj: 






00 


ih 
in 


CVI 

sO 


. 10' 






CU; 


rb. 


o 


■ 


in 


vO 






00 


'OJ 


' OJ 

*rp 


ro 


\o 


ro 
in 




ro 


o 




, w 


ro 


CO 

ro 


in 


CVI 

in 


in 


CM 


c^ 




^ro 

C\J 


o;- 


ro 




in 


oo 
in 








C<i 
CM 


C3V. 
CM 


ro 


ro 


o 


in 


OJ 
0. 






CVJ \ 


00 
OJ 


ro 


CJ 






- ro - ' - 




ro 


O 
CVJ 


\aj 


ro 




00 


in 
in 


CM 




CVJ 


0^ 




ro 
ro 


o 




in 


vD ■ 






00 


to 

CM 


CM 

ro. 




vO 
"St 


ro 

^. 


O 
vO 


ro 


o 




CM 


ro 


CO 

ro 


in 


CM 

in 


in 


CVJ 






ro 

CVJ 


o 
ro 


r^ 

ro 




in 


00 

in 




00 




CU 
CM 


On 
CM 


vO 

ro 


ro 


o 
in 


in 



EP 0 562 221 A1 



a 



CD 

I I 












J. In 






U 


o 


h 






> 

a 



20 



EP 0 562 221 A1 



UJ 



oo 



1 

o 
< 



see 

-JO 



Q 
O 









cu 


LU 


LU 


z 


z 

n 


n 
-I 


-1 



u 
>- 

0) 

o 

LU 
Q 




u 
o 

cc 
a. 



CD 
I— I 



£P 0 S62 221 Ai 



LO 



Ll 



1— I 
Li- 




22 



EP 0.662.221 A1 



Cfi 

M 



O 

M 

Li_ 



< 



oo 



CO 

a: 









CM 








ID 


X 


— i 


a 













o 

















CVJ 


OJ 


OJ 






CSL 


O 


CD 

















o 
z 
>- 

o 

Q 
I— i 
> 



EP 0 S62 221 A1 








p 




a. 


















u 

C/) 




1' r 1 

--U 



CD 



U- • 



1 i''i,f;»! 



.'1* * 





CVJ 


1 
1 


u 


UJ 














' I 


-J 


-J 




\ 







Q 
< 



24 



!*I!T*" EUROPEAN SEARCH REPORT 



EP 92 87 0048 



DOCUMENTS CONSIDERED TO BE RELEVANT 



af Hnmnimt with hdcitioi^ nfci ^ p p r i| W i i> 

oil " 



to daiii 



CLASSnCATION OF THE 
AFPUCAnON on. CL5 ) 



IEEE JOURNAL ON SELECTED AREAS IN 
COMMUNICATION. 

vol. 7, no. 5. June 1989, NEW YORK US 
pages 761 - 770 

VERBIEST ET AL. *A Variable Bit Rate Video 
Codec for Asynchronous Transfer Node 
Networks' 

* page 764, colunn 2, line 29 ~ page 765, 
column 1, line 21; figure 8 * 

ELEKTRONIK 

vol. 36, 20 February 1987, MUNCKEN OE 
pages 92 - 96 

WOITOWITZ ET AL. *Aufbereitung der 
Meteosat-2-S1gna1e' 

* page 93, colunn 1, line 7 - page 96, 
column 1, line 45; figure 2 * 

EP-A-D 249 985 (SONY CORPORATION) 

* page 2, column 1, line 43 - line 53; 
figure 1 * 

* column 2, line 14 - llntt 34 * 

* colunn 6 * 



1-18 



H04N5/907 
H04J3/06 



1-18 



1-18. 



naiNICAL FIELDS 



K04N 
H04L 
H04J 



Tbt 



BERLIN 



25 NOVEMBER 1992 



MATERNE A. 



CATBGOKV OF CITED DOCUMENTS 

X : pvtlaiiiflirfrianM if tikca iIom 
Y : Mitiailiily rrimBt If cDabbMd irtlh nolhv 
ODGiuatBt of ih« niM ciMny 

Ajr 
Oti 
P:l 



T $ th«oiy or fftadpi* uteMig tht 
E : oHicr pitwt iocBMl, Sot p 
tfNrttefillBiiitt 

LlteBMMdMKM 



All 



